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The aim of this experiment was to, under typical Swedish production conditions, evaluate the effects of grass silages subjected
to different N-fertilisation regimes fed to dairy cows on the fatty acid (FA) composition of their milk, and to compare the grass
silages in this respect to red clover-dominated silage. Grass silages made from first year Phleum pratense L. leys subjected to three
N-fertilisation regimes (30, 90 and 120 kg N/ha, designated G-30, G-90 and G-120, respectively) and a mixed red clover–grass
silage (Trifolium pratense L. and P. pratense L.; 60/40 on dry matter (DM) basis, designated RC–G) were produced. The experiment
was conducted as a change-over design, including 24 primiparous and multiparous dairy cows of the Swedish Red breed, each of
which was allocated to three of the four diets. The cows were offered 11 kg DM of silage and 7 kg concentrates. The silages had
similar DM and energy concentrations. The CP concentration increased with increase in N-fertilisation level. There was a linear
increase in DM intake of the different silages with increased N fertilisation. There were also differences in concentrations of both
individual and total FAs amongst silages. The daily milk production (kg/day) did not significantly differ between treatments,
but G-30 silage resulted in higher concentrations of 18:2n-6 in the milk compared with the other two grass silages. The highest
concentrations of 18:3n-3 and cis-9, trans-11 18:2 were found in milk from cows offered the RC–G silage. The G-30 diet resulted
in higher concentration of 18:2n-6 and the same concentration of 18:3n-3 in the milk as the other grass silages, despite lower
intake levels of these FAs. The apparent recoveries of 18:3n-3 from feed to milk were 5.74%, 4.27%, 4.10% and 5.31% for G-30,
G-90, G-120 and RC–G, respectively. A higher recovery when red clover is included in the diet confirms previous reports. The
higher apparent recovery of 18:3n-3 on the G-30 treatment may be related to the lower silage DM intake, which led to a higher
relative proportion of ingested FAs originating from concentrates compared with the G-90 and G-120 diets. With the rates and
types of concentrates used in this study, the achieved differences in FA composition among the silages were not enough to
influence the concentrations of unsaturated FAs in milk.
Keywords: CP, forage, fatty acid concentration, milk production, grass
Implications
Positive relationships between CP and fatty acids (FAs)
in herbage have been shown, and in an attempt to utilise
this relationship timothy was fertilised with three different
N-fertilisation regimes (30, 90 and 120 kg N/ha). The study was
conducted under typical production conditions, that is, with the
same types and rates of concentrate as on a commercial farm.
The achieved differences in FA composition among silages did
not affect the milk, which shows that increasing N fertilisation,
or inclusion of red clover, does not necessarily lead to higher
concentrations of polyunsaturated FAs in milk when the
concentrate is used at Swedish standard rates.
Introduction
There is growing awareness among consumers of the link
between diet and health. Further, the public often associates
dairy products with coronary heart disease, as most of the
fatty acids (FA) in milk are saturated (Bauman et al., 2006).
Therefore, it would be desirable to improve the FA profile of
milk, which might be achieved by using appropriate feeding
regimes. In this context, there has been growing interest in
the concentrations and composition of unsaturated FAs in- E-mail: Katarina.Arvidsson@slu.se
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forage, particularly the polyunsaturated FAs (PUFAs) such as
linoleic acid (18:2n-6) and a-linolenic acid (18:3n-3) and the
ratio of the two. These FAs are considered to be beneficial
constituents of the human diet (e.g. Leaf and Weber, 1988;
Banni and Martin, 1998) and may have positive effects on
disease prevention (e.g. Simopoulos, 2001). Milk also con-
tains conjugated linoleic acids (CLA), the major isomer being
cis-9, trans-11 CLA, which reportedly has a range of health-
promoting properties (Parodi, 2002).
Compared with grass silage, red clover silage has a lower
NDF concentration and a higher rumen passage rate (Vanhatalo
et al., 2007). Further, red clover has been shown to have
lower lipolytic activities, or to protect the FA against lipolysis
through encapsulation in protein–phenol complexes (Van
Ranst et al., 2011). Hence, significantly higher concentrations
of 18:2n-6 and 18:3n-3 have been found in milk from cows
fed red clover silage than in milk from cows fed ryegrass silage
(Dewhurst et al., 2003a; Al-Mabruk et al., 2004). In the cited
studies, apparent recoveries of 18:3n-3 from feed to milk
ranged from 8% to 10% and 4% to 5% for red clover silage
and grass silage, respectively.
Several studies have also found positive relationships
between CP and FA concentrations in forage plants, espe-
cially for 18:3n-3 (e.g. Boufaı¨ed et al., 2003a; Elgersma et al.,
2005; Witkowska et al., 2008). The majority of the FAs are
found in the chloroplasts and a positive correlation has
been reported between concentrations of chloroplast lipids
and chlorophyll in plants (Hawke, 1973). Further, Gaborcik
and Paulik (2002) reported a positive relationship between
chlorophyll and CP concentrations. Thus, these findings
indicate that there is a relationship between CP and FA
contents, as both are correlated with chlorophyll concentra-
tions. Smit et al. (2007) have studied the effects of N ferti-
lisation on FA concentrations of fresh perennial ryegrass and
cis-9, trans-11 CLA in milk. However, to our knowledge, no
previous studies have examined whether the relationship
persists after ensiling and (if so) whether there are any
effects on the milk FAs when silage is fed to cattle. Hence,
the aim of this experiment was to evaluate the effects of
grass silages subjected to different N-fertilisation regimes
fed to dairy cows on the FA composition of their milk, and to
compare the grass silages in this respect with red clover-
dominated silage. We investigated the different silages
under typical production conditions, using commercial con-
centrates and a forage : concentrate ratio commonly used to
mimic the situation on a commercial farm in Sweden.
Material and methods
Experimental silages
In 2006, three different grass silages and a clover–grass
silage were produced at Ro¨ba¨cksdalen Research Centre,
Swedish University of Agricultural Sciences, Umea˚, Sweden
(638450N; 208170E). On 26 May, a 3-year-old grass ley was
fertilised with three different rates of N, 30, 90 and 120 kg N/ha,
to produce three different grass silages (designated G-30,
G-90 and G-120, respectively). The grass crop consisted
mainly (.0.95) of timothy (Phleum pratense L., cv Grindstad)
and was grown on a silt loam (15% to 25% clay). The
clover–grass crop (RC–G) consisted of red clover (Trifolium
pratense L., cv. Betty) and timothy (cv Grindstad; 60 : 40 on
dry matter (DM) basis) that received 27 kg N/ha, also on
26 May. The grass–clover crop was grown on a silt soil (2% to
5% clay). The grass was cut on 26 and 27 June and the
grass–clover crop on 28 June, when the tip of the inflores-
cence of timothy was just below the leaf blade base of the
flag leaf (stage 49, according to Gustavsson, 2011). All
forages were cut with a mower conditioner (Kverneland,
Kverneland Group, Kverneland, Norway) and a precision chop
forage wagon (ES Protec, JF-Stoll, Sønderborg, Denmark) was
used for pick up. The forages were field wilted overnight to a
DM concentration of about 300 g/kg. ProensR (formic acid
and propionic acid, 60 to 66 g/100 g and 25 to 30 g/100 g,
respectively, from Perstorp AB, Perstorp, Sweden) was added
to all silages at a rate of 3.5 l/t fresh matter. The silages were
then stored in bunker silos.
Animals and experimental design
The experiment was conducted as a change-over design
according to design No. 4 by Patterson and Lucas (1962). The
design included three experimental periods, each 4 weeks
long, and four dietary treatments. A total of 24 dairy cows
(1966 72.6 days in milk at the start of the experiment) of
the Swedish Red breed were divided into four blocks of six
cows each, taking into account their lactation stage and
balancing for equal numbers of primiparous and multiparous
cows. Each cow was assigned to three of the four diets
according to the scheme provided by Patterson and Lucas
(1962). The cows were offered 11 kg DM of silage and 7 kg
in total of two commonly used standard commercial con-
centrates (5 kg of A and 2 kg of B, fresh weight; Tables 1–2).
The diets were balanced to cover the protein requirements
(Spo¨rndly, 2003) of cows eating the G-30 diet, that is, the
silage with the lowest CP level (Table 2). The silage and
concentrate levels were chosen to represent concentrates
used commercially in the area.
The cows were kept in a loose-housing barn. Roughage
and concentrate were fed separately, silage in intake control
feeders and concentrate in feeding stations (both from
Insentec B.V., Marknesse, the Netherlands). The cows were
milked twice daily at 0600 and 1600 h and the yield of each
cow was automatically measured at every milking. The cows
were weighed (in a scale from Insentec B.V., Marknesse, the
Netherlands) automatically in connection with each milking.
Sampling and analyses
Feeds. Throughout the experiment, silage samples were
collected daily and stored at 2208C until analysis. Before
analysis, samples were pooled to obtain representative
samples for 2 consecutive weeks. Samples of concentrate
were sampled once a week and stored at 2208C. Before
analysis, samples were pooled to obtain representative
samples for consecutive 4-week periods, that is, each
experimental period.
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All silages were analysed for pH, lactic acid, acetic acid,
propionic acid, butyric acid, ethanol and ammonium-N.
The pH of the silages was determined with a pH electrode
(654 pH-meter Methrom AG, Herisau, Switzerland). Organic
acids and ethanol were determined by HPLC analysis of
silage liquor (Andersson and Hedlund, 1983). To determine
ammonium-N, an increase of pH with MgO was followed by
direct distillation and titration using a Kjeltec 2100 (FOSS
Analytical A/S, Hillerød, Denmark).
Lipids of feed samples were extracted using the method
described by Raes et al. (2001). Briefly, 5 g portions of freeze-
dried samples (Hecto CD 8 system, Heto Lab Equipment, A/S
Allerød, Denmark) were weighed into an extraction tube and
homogenised (Ultra-Turrax T25, IKA-Labortechnik, Belgium)
with chloroform : methanol (2 : 1, v : v) and 10 mg of internal
standard (19 : 0, added as free FA, Sigma, Bornem, Belgium)
and then extracted overnight. After extraction, samples were
methylated with NaOH/MeOH followed by HCl/MeOH and FA
methyl esters (FAME) were quantified by gas chromatography
as described previously (Raes et al., 2001).
Samples for chemical analysis of feeds were dried in an
air-forced oven at 608C and ground in a hammer mill (Slagy
200, Kamas Kvarnmaskiner AB, Malmo¨, Sweden) to pass
through a 1 mm screen. DM was determined after drying at
1038C for 16 h and corrected for losses of volatile FAs,
alcohols and volatile N. Ash content was determined by
combustion at 5508C for 3 h. NDF was determined using an
undiluted ND solution according to Chai and Ude´n (1998),
but without amylase or sulphite. Water-soluble carbohy-
drates (WSC) and starch were determined enzymatically
(Larsson and Bengtsson, 1983). Kjeldahl-N was analysed
(according to the Nordic Committee on Food Analysis, 1976)
using a 2020 Digestor and a 2400 Kjeltec Analyser Unit
(FOSS Analytical A/S, Hillerød, Denmark). Crude fat was
determined by hydrolysis with 3 mol/l HCl followed by
extraction with petroleum ether (Official Journal of the
European Communities (OJEC), 1984). Metabolisable energy
(ME) content was determined by incubation in rumen fluid
and buffer for 96 h (Lindgren, 1979) and calculating the ME
concentration using the in vitro disappearance of rumen
organic matter according to Lindgren (1983).
Milk. Samples for determining fat, protein, lactose and urea
in the cows’ milk were taken every week on 2 consecutive
days (morning and evening). At the same time, samples for
determining FA concentration were taken during the 2 last
weeks of each period. The milk samples for determining FA
concentrations were frozen at 2208C. Fat, protein, lactose
and urea were analysed using a Foss 4000 Milkoscan infrared
analyzer (Foss Analytical A/S, Hillerød, Denmark).
Table 1 Ingredient composition of concentrates used (g/kg fresh
weight)
Ingredients Conc. A Conc. B
Wheat (Triticum spp.) 270
Barley (Hordeum vulgare) 137
Wheat bran meal 32
Mixed meal 30 30
Rapeseed meal (Brassica napus) 170 195
Soybean meal (Glycine max) 126 392
Molasses 20 20
Sugar beet fibre (Beta vulgaris) 169 255
Magnesium oxide (MgO) 2 2
Stonesalt 6 6
Limestone 9 10
AkoFeed1 24 30
Mineral and vitamin premix 2 2
Rapeseed, crushed 12
Expro meal2 20
LipitecR Bovi 853 10
LipitecR Bovi 163 8
Lignobond DD SS4 8
1Rumen-protected fat (AarhusKarlshamn AB, Karlshamn, Sweden).
2Protein feed (heat-treated rape seed meal; AarhusKarlshamn AB, Karlshamn,
Sweden).
3Rumen-protected fat (NLM Vantinge ApS, Ringe, Denmark).
4Pelleting aid (Borregaard LignoTech, Arpsborg, Norway).
Table 2 DM concentration (g/kg), energy concentration (MJ/kg DM),
chemical composition, individual FAs and fermentation characteristics
(g/kg DM) of the experimental feeds (n5 6 for silages, n5 3 for
concentrates)
G-30 G-90 G-120 RC–G Conc. A Conc. B
DM 315 311 319 294 873 880
ME 11.0 10.8 10.8 10.7 13.21 14.01
Ash 73.2 72.0 70.2 86.5 63.4 79.7
CP 125 134 142 149 217 285
NDF 495 514 516 458 2301 2301
WSC 34.6 26.3 20.4 14.7 – –
Starch – – – – 2841 221
Crude fat 20.3 21.0 21.0 21.2 50.8 68.4
16:0 1.98 2.22 2.04 2.13 13.9 23.3
cis-9 16:1 0.20 0.21 0.20 0.22 – –
18:0 0.17 0.18 0.17 0.22 1.71 4.07
cis-9 18:1 0.55 0.61 0.58 0.53 14.2 22.7
cis-11 18:1 – – – – 1.00 1.44
18:2n-6 2.50 2.75 2.59 2.87 11.7 12.4
18:3n-3 6.80 8.32 7.83 7.40 1.29 1.92
Other2 0.65 0.67 0.66 0.73 3.01 3.74
Total FA 12.7 14.8 13.9 13.9 46.0 68.3
PH 4.22 4.22 4.25 4.19
Lactic acid 51.9 52.2 52.8 69.5
Acetic acid 18.0 21.7 19.9 19.4
Propionic acid 1.75 2.10 2.04 1.85
Butyric acid 2.42 1.11 0.76 0.74
Ethanol 4.56 5.32 3.99 3.36
Ammonium-N 1.88 2.05 2.19 2.25
DM5 dry matter; ME5metabolisable energy; WSC5water-soluble
carbohydrates; FA5 fatty acid.
1Values given by the manufacturer.
2Other identified FAs in the silages: 12:0, 14:0, 15:0, 17:0, 20:0, 22:0, trans
16:1, cis-9 17:1, cis-11 18:1, cis-9 20:1, 20:2n-6, 22:5n-3, each in concentrations
,0.15 g/kg DM; in the concentrates: 10:0, 12:0, 14:0, 15:0, 17:0, 20:0, 22:0,
24:0, cis-9 14:1, trans 16:1, cis-9 16:1, cis-9 17:1, cis-9 20:1, cis-9 22:1, cis-9
24:1, 20:2n-6, 22:4n-6, 22:5n-3, each in concentrations ,1 g/kg DM.
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For determining FA concentrations, milk samples were
thawed and extracted according to the Ro¨se–Gottlieb
procedure (ISO-3889; ISO, 2006). Homogenised samples of
10 g were weighed into Mojonnier-type fat-extraction flasks
and mixed with 2 ml of ammonium hydroxide solution. The
extraction was carried out in three steps. First, 10 ml of
ethanol, 25 ml of diethyl ether and 25 ml of petroleum ether
were added and mixed gently. In the second step, 5 ml of
ethanol, 15 ml of diethyl ether and 15 ml of petroleum
ether were used. The final extraction step was performed
with diethyl and petroleum ether (both 15 ml). After each
extraction step, the supernatant was transferred to fat-
collecting vessels after phase separation (30 min). The solvent
was evaporated using a rotary evaporator at room temperature
and the extracted lipids were resolved in 20 ml of diethyl :
petroleum ether (1 : 1, v : v). As internal standards 13 : 0 and
19 : 0 (Sigma, Bornem, Belgium) were used (added as non-
esterified FAs in a chloroform solution, which was evaporated
before methylation). For methylation, 0.5 ml of the extracts
was used and to this 0.5 mg of the internal standards
were added. The methylated FAs were analysed by gas chro-
matography, using a Hawlett-Packard 6890 chromatograph
(Hawlett-Packard Co., Brussels, Belgium) with a CP-Sil88
column for FAME (100 m3 0.25 mm3 0.2mm; Chrompack
Inc., Middelburg, the Netherlands). The following temperature
programme was used: 708C for 4 min, followed by an increase
at 108C/min to 1508C, then increased at 18C/min to 1658C, held
at 1658C for 20 min, increased at 28C/min to 1708C, held at
1708C for 10 min, increased at 48C/min to 2158C and held
at 2158C for 20 min.
Statistical analysis
Data were collected on each cow using a change-over design
with repeated measures (Patterson and Lucas, 1962). As
suggested by Jones and Kenward (1989) and Fitzmaurice
et al. (2004), mixed linear models were used for the analyses.
In addition to the treatment and block effects, the models
included period effects, carry-over effects and sequence
effects. An unstructured covariance matrix was fitted for the
repeated measures part of the model. The Mixed procedure of
the SAS (2004) package was used for the analyses. Different
models were tested and the decision to include a factor in the
model was based on the Akaike Information Criterion (AIC),
with the side condition that the same model should be used
for all response variables. The final model was
Yijk¼mþ PiþBjþ Skþ PSikþ eijk
where Yijk is the observation, m the general mean, Pi the
effect of period, Bj the effect of block, Sk the effect of silage,
PSik the interaction between period and silage and eijk the
residual error.
Carry-over effects and sequence effects were not sig-
nificant (P. 0.10) and/or resulted in a higher AIC value and
were therefore excluded from the presented results. The
treatment effect was divided into the following orthogonal
comparisons: (1) red clover containing silage v. N-fertilised
grass silages, (2) linear and (3) quadratic effects of increas-
ing N fertilisation. Differences were considered significant
if P, 0.05.
Results
Chemical composition, FA profiles and intake of the diets
As shown in Table 2, the silages were well preserved and
had similar DM and ME concentrations. Increasing N fertili-
sation resulted in increased CP concentrations and a slight
increase in NDF concentration among the grass silages.
Further, the RC–G silage had a lower NDF concentration
compared with the grass silages (Table 2).
There were differences among the grass silages in terms of
16:0, cis-9 18:1, 18:2n-6, 18:3n-3 and total FA concentrations
(Table 2). The G-90 silage had the highest concentration of all
above-mentioned FAs, G-30 had the lowest and G-120 had
intermediate concentrations. RC–G had a higher concentra-
tion of 18:0 and 18:2n-6 than the grass silages. When it comes
to proportions of FAs, differences could be seen for all six
FAs presented in Table 3. G-30 had higher proportions of 16:0,
cis-9 16:1, 18:0, cis-9 18:1 and 18:2n-6 and lower propor-
tion of 18:3n-3 than G-90 and G-120. RC–G contrasted
to the grass silages in terms of higher proportions of 18:0
and 18:2n-6 and a lower proportion of cis-9 18:1. It should
be noted that dietary 18:3n-3 mainly was supplied by the
silages, whereas a larger proportion of cis-9 18:1 and 18:2n-6
originate from the concentrates.
The DM intakes of the different silages showed a linear
increase with increasing N fertilisation (Table 4). The slightly
higher intake of the G-120, combined with the differences in
chemical composition (Table 2), resulted in differences in
intake of CP and NDF between the three grass silages (Table 4).
The intake of 18:2n-6, 18:3n-3, other FAs and total fatty
acids (TFA) also showed a linear increase among the grass
silages The RC–G silage resulted in a higher CP intake and a
somewhat higher crude fat intake compared with the grass
silages. Compared with the grass silages, the RC–G silage
also resulted in higher intakes of 18:0, cis-9 18:1, 18:2n-6
and other FAs (Table 4).
Table 3 FA proportions (g/100 g FA) in the experimental feeds (n5 6
for silages, n5 3 for concentrates)
G-30 G-90 G-120 RC–G Conc. A Conc. B
16:0 15.62 15.02 14.71 15.32 30.29 34.14
cis-9 16:1 1.49 1.35 1.37 1.49 – –
18:0 1.34 1.23 1.20 1.56 3.73 5.96
cis-9 18:1 4.31 4.13 4.17 3.79 30.85 33.17
cis-11 18:1 – – – – 2.16 2.10
18:2n-6 19.76 18.66 18.67 20.69 25.52 18.11
18:3n-3 53.71 56.35 56.42 53.30 2.81 2.81
Other1 5.16 4.52 4.74 5.24 4.07 3.11
FA5 fatty acid.
1Other identified FAs: 12:0, 14:0, 15:0, 17:0, 20:0, 22:0, trans 16:1, cis-9
16:1, cis-9 17:1, cis-11 18:1, cis-9 20:1, 20:2n-6, 22:5n-3, each in
concentrations ,1 g/100 g FA.
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Milk production and FA composition
The daily milk production was the same over treatments and
there were no major differences in composition except a
somewhat higher concentration of urea in milk from cows
given the RC–G diet and a quadratic effect among the cows
fed grass silages, with G-90 resulting in a higher urea con-
centration than the other two (Table 5). There were, however,
some differences in FA composition in the milk, depending on
treatment (Table 6). Feeding RC–G silage resulted in higher
concentrations of 17:0 and the unsaturated trans 18:1, 18:3n-3
and cis-9, trans-11 CLA in milk than when fed grass silages. As
a consequence, the 18:2n-6/18:3n-3 ratio was significantly
lower in milk from cows fed the RC–G silage compared with
the other three silages (Table 7). Linear effects were found on
18:0 and 18:2n-6 with increasing concentration of 18:0 and
decreasing concentration of 18:2n-6 in the milk with increasing
N fertilisation of the grass silages. There were also quadratic
effects in terms of 17:0, cis-9 14:1 and cis-9 16:1 with G-90,
resulting in lower concentration of 17:0 and higher con-
centrations of cis-9 14:1 and cis-9 16:1 compared with the
other two grass silages (Table 6).
No significant differences could be seen between the silages
in the concentrations of short, medium or long chain FAs
(SCFAs, MCFAs and LCFAs, respectively) in the milk (Table 7).
The RC–G silage resulted in higher concentrations of PUFAs in
the milk compared with the grass silages (Table 7). A linear
effect could also be noted for the PUFA concentration in milk,
with G-30 resulting in the highest concentration.
Table 4 Daily feed intake (kg/day), energy intake (MJ/day), FA intake (g/day) and live weight (kg)
Contrasts2
G-30 G-90 G-120 RC–G s.e.1 S L Q
Silage intake 9.3 9.6 10.8 10.5 0.35 ns ** ns
Total diet
DM 15.3 15.6 16.8 16.5 0.37 ns ** ns
CP 2.84 2.88 3.15 3.20 0.06 *** *** ns
Fat 0.58 0.58 0.60 0.61 0.01 * ns ns
Starch 1.45 1.50 1.48 1.48 0.02 ns ns **
NDF 6.11 6.53 7.19 6.36 0.17 ns *** ns
WSC 0.34 0.25 0.22 0.12 0.02 *** ** *
ME 194 196 209 203 4.15 ns * ns
16:0 120 123 123 123 1.63 ns * ns
18:0 16.1 16.3 16.3 16.7 0.16 *** ns ns
cis-9 18:1 105 106 107 105 1.33 * ns ns
18:2n-6 97.0 100 101 103 1.48 ** ** ns
18:3n-3 76.1 94.3 99.0 90.0 2.77 ns *** *
Other3 23.9 24.2 24.7 25.0 0.33 ** * ns
Total FA 442 467 475 467 7.16 ns *** ns
Live weight 610 613 614 611 21.5 ns ns ns
FA5 fatty acid; DM5 dry matter; WSC5water-soluble carbohydrates; ME5metabolisable energy.
1Standard error of mean.
2S, clover–grass silage v. grass silages; L, linear effect of N fertilisation; Q, quadratic effect of N fertilisation; ns, non-significant; *P, 0.05;
**P, 0.01; ***P, 0.001.
3Other identified FAs: as in Table 2.
Table 5 Effect of diets on daily milk production and composition
Contrasts2
G-30 G-90 G-120 RC–G s.e.1 S L Q
Milk yield (kg/day) 21.4 20.4 20.7 21.1 1.03 ns ns ns
ECM (kg/day) 24.1 22.9 23.1 23.6 1.80 ns ns ns
Fat (g/kg) 49.8 49.3 49.0 49.1 1.46 ns ns ns
Protein (g/kg) 36.1 36.7 36.3 36.1 1.48 ns ns ns
Lactose (g/kg) 46.3 46.3 46.0 46.1 0.29 ns ns ns
Urea (mmol/kg) 5.06 5.58 5.31 5.61 0.22 * ns **
ECM5 energy corrected milk.
1Standard error of mean.
2S, clover–grass silage v. grass silages; L, linear effect of N fertilisation; Q, quadratic effect of N fertilisation; ns, non-significant; *P, 0.05;
**P, 0.01; ***P, 0.001.
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Table 6 Effect of diets on milk FA concentrations (g/100 g FA)
Contrasts2
G-30 G-90 G-120 RC–G s.e.1 S L Q
4:0 3.42 3.34 3.37 3.25 0.071 ns ns ns
6:0 2.63 2.59 2.59 2.51 0.050 ns ns ns
8:0 1.42 1.38 1.39 1.37 0.027 ns ns ns
10:0 2.84 2.73 2.77 2.77 0.063 ns ns ns
12:0 3.06 2.95 2.98 3.00 0.069 ns ns ns
14:0 10.98 10.83 10.89 10.89 0.135 ns ns ns
15:0 1.00 1.00 1.01 1.02 0.024 ns ns ns
16:0 33.51 33.50 33.33 33.26 0.370 ns ns ns
17:0 0.45 0.43 0.44 0.46 0.012 * ns *
18:0 8.63 8.78 9.03 8.86 0.175 ns * ns
20:0 0.14 0.14 0.15 0.15 0.003 ns ns ns
15:0 anteiso 0.45 0.46 0.47 0.46 0.010 ns ns ns
15:0 iso 0.26 0.26 0.27 0.26 0.008 ns ns ns
17:0 anteiso 0.39 0.39 0.39 0.39 0.007 ns ns ns
17:0 iso 0.47 0.48 0.48 0.46 0.008 ns ns ns
cis-9 14:1 1.08 1.11 1.06 1.06 0.041 ns ns *
cis-9 16:1 1.48 1.53 1.46 1.45 0.093 ns ns *
cis-9 17:1 0.23 0.23 0.22 0.23 0.006 ns ns ns
cis-9 18:1 19.30 19.67 19.51 19.52 0.426 ns ns ns
cis-11 18:1 0.63 0.62 0.62 0.63 0.016 ns ns ns
trans 18:1 1.37 1.32 1.36 1.46 0.043 *** ns ns
cis-9 20:1 0.13 0.13 0.13 0.13 0.002 ns ns ns
18:2n-6 1.10 1.03 1.01 1.07 0.030 ns * ns
18:3n-3 0.41 0.40 0.40 0.46 0.021 *** ns ns
cis-9, trans-11 CLA 0.63 0.62 0.63 0.66 0.022 *** ns ns
FA5 fatty acid; CLA5 conjugated linoleic acids.
1Standard error of mean
2S, clover–grass silage v. grass silages; L, linear effect of N fertilisation; Q, quadratic effect of N fertilisation; ns, non-significant; *P, 0.05;
**P, 0.01; ***P, 0.001.
Table 7 Concentrations of groups of FAs (g/100 g FA) in milk, ratios related to delta-9-desaturase activity and apparent
recoveries of dietary 18:2n-6 and 18:3n-3 (%)
Contrasts2
G-30 G-90 G-120 RC–G s.e.1 S L Q
Groups of FAs
SCFAs 10.3 10.1 10.1 9.91 0.173 ns ns ns
MCFAs 51.8 51.6 51.5 51.4 0.43 ns ns ns
LCFAs 33.9 34.2 34.4 34.5 0.49 ns ns ns
SFAs 68.1 67.6 67.9 67.6 0.46 ns ns ns
MUFAs 24.2 24.6 24.4 24.5 0.50 ns ns ns
PUFAs 2.14 2.05 2.04 2.20 0.044 *** * ns
18:2n-6/18:3n-3 2.75 2.63 2.57 2.37 0.138 *** ns ns
Ratios related to delta-9-desaturase activity
cis-9 14:1/14:0 0.098 0.103 0.098 0.098 0.0039 ns ns **
cis-9 16:1/16:0 0.044 0.046 0.044 0.044 0.0029 ns ns *
Apparent recovery from feed to milk
18:2n-6 12.1 10.4 10.1 10.7 0.82 ns ** ns
18:3n-3 5.74 4.27 4.10 5.31 0.78 ns ** ns
FA5 fatty acid; SCFAs5 short chain fatty acids (C4-C10); MCFAs5medium chain fatty acids (C12-C16); LCFAs5 long chain fatty acids
(C17-C22); SFAs5 saturated fatty acids; MUFAs5monounsaturated fatty acids; PUFAs5 polyunsaturated fatty acids.
1Standard error of mean.
2 S, clover–grass silage v. grass silages; L, linear effect of N fertilisation; Q, quadratic effect of N fertilisation; ns, non-significant; *P, 0.05;
**P, 0.01; ***P, 0.001.
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Although the intake of 18:2n-6 and 18:3n-3 was lower
from G-30 than G-90 and G-120 (Table 6), there was a higher
18:2n-6 and no differences in 18:3n-3 concentrations in the
milk when feeding G-30, which resulted in a higher recovery
of dietary 18:2n-6 and 18:3n-3 in the milk from G-30 (Table 7).
Discussion
As hypothesised, there was an increase of most individual
and total FAs when increasing the N fertilisation, but only
from 30 to 90 kg N/ha and no further increase when ferti-
lising with 120 kg N/ha (Table 2). This is partly in agreement
with findings from earlier studies (Boufaı¨ed et al., 2003b;
Elgersma et al., 2005; Witkowska et al., 2008). Boufaı¨ed
et al. (2003a) found positive linear relationships between
the N concentration and 16:0, 18:2n-6, 18:3n-3 and total
FA in timothy. In addition, Elgersma et al. (2005) found
strong linear relationships between CP and concentrations of
18:3n-3 and TFA in perennial ryegrass. In addition, when it
comes to proportions of FAs in the silages, there were some
differences (Table 3). The higher N-fertilisation rates gave a
higher proportion of 18:3n-3, whereas G-30 showed a higher
proportion of 18:2n-6. The RC–G was rather similar to G-30
in proportions of the FAs presented in Table 3. Previous
reports of FA concentrations in grass and red clover silages
differed between experiments, for example, Vanhatalo et al.
(2007) reported concentrations of 18:2n-6 and 18:3n-3 to be
4.4 and 11.6 g/kg DM in grass silage and 5.7 and 14.2 g/kg
DM in red clover silage, respectively, whereas Dewhurst
et al. (2003a, experiment 1) found them to be 2.4, 7.7, 3.7
and 6.2 g/kg DM for 18:2n-6 and 18:3n-3 in grass silage
and red clover silage, respectively. In the latter study,
in a mix of grass and red clover (50 : 50 on DM basis), the
concentrations were 2.9 and 7.0 g/kg DM for 18:2n-6 and
18:3n-3, respectively. In the current study, the FA con-
centrations in silages were comparable with those from
the study by Dewhurst et al. (2003a), whereas the con-
centrations in grass silages were approximately half of the
concentrations found by Vanhatalo et al. (2007). The differ-
ences could partly be because of oxidative losses of FAs
during wilting, as the material was wilted overnight in the
current study compared with the relatively short wilt (3 h for
grass) by Vanhatalo et al. (2007). However, Arvidsson et al.
(2009) studied the effect of ensiling and found that a wilting
process shorter than 24 h did not have any substantive effect
on FA composition. However, different species and even
different cultivars of the same species may respond differ-
ently to different treatments. For instance, results from a
study by Chow et al. (2004) indicated that susceptibility to
oxidation during field wilting is cultivar dependent. The cited
authors compared three cultivars of perennial ryegrass and
found that wilting had no significant effect on the propor-
tions of 18:3n-3 in one cultivar, whereas it reduced the
proportion in the other two. Moreover, Vanhatalo et al.
(2007) harvested the silages earlier in the season, which
indicates that grass was in an earlier developmental stage
than in the current study.
The higher concentration of 18:2n-6 and the same con-
centration of 18:3n-3 in milk from cows given the G-30
silage compared with cows offered the other grass silages
(Table 6) arose, despite lower intake levels of these FAs
(Table 4). Boufaı¨ed et al. (2003a) found that a higher amount
of 18:3n-3 bypassed ruminal biohydrogenation when timo-
thy was fertilised with 120 kg N/ha compared with 0 kg N/ha.
This finding would rather lead to a potentially higher
recovery of PUFA from feed to milk from the G-90 and G-120
silages, as larger amount of FAs would be available for
absorption in the intestine. In a study by Smit et al. (2007),
there were no significant overall differences in milk from
cows eating grass treated with high or low N (73 v. 37 kg N/ha);
however, on one occasion, a higher concentration of cis-9,
trans-11 CLA was found in the milk from cows receiving
grass from the low N treatment. The cited authors suggested
that the lower NDF concentration could have induced a
higher intake of the grass from the low N treatment, and
thus a higher intake of FAs. In addition, in the current study,
there was a lower NDF concentration in G-30 compared with
the other grass silages; however, in contrast to the results of
Smit et al. (2007), the lowest DM and PUFA intakes were
recorded for G-30. However, a higher NDF concentration in
the diet stimulates fibrolytic bacteria, which enhance the
conversion of 18:1 to 18:0 in the rumen (Dewhurst et al.,
2003b). This could explain the linear increase in 18:0 con-
centrations in milk with increasing N fertilisation. Further,
the WSC concentration was inversely correlated with the
CP concentration in the grass silages, with G-30 resulting
in significantly higher WSC intake than the other silages
(Table 2 and 4), which is in accordance with Elgersma et al.
(2005) who found the same trend in perennial ryegrass.
Lee et al. (2003) found in an in vitro experiment that a
high inclusion of WSC in the diet induced a shift towards
fermentation of WSC rather than fibre digestion, which
suggests a shift away from fibrolytic bacteria. In contrast,
there was no effect on C18 biohydrogenation when feeding
high-sugar grass silage compared with a control silage
(Lee et al., 2006).
The higher concentration of 18:3n-3 in milk from cows
offered the RC–G silage compared with the grass silages
is in accordance with earlier studies. Dewhurst et al. (2003a)
and Al-Mabruk et al. (2004) reported higher concentrations
of 18:3n-3 in milk from cows offered red clover silages,
despite the lower concentration of this FA in the clover
silages compared with grass silages. Higher concentrations
of PUFAs in milk from cows offered red clover silage have
been associated with the polyphenol oxidase (PPO) activity
in red clover (Lee et al., 2004). The binding of proteins to
phenols, which results from PPO activity, lead to inhibition of
lipolysis in the silage and as lipolysis is a prerequisite for
biohydrogenation of PUFAs in the rumen, the extent of bio-
hydrogenation is decreased. However, Van Ranst et al.
(2011) concluded that the importance of this inhibition of
lipolysis in the silage is questionable. The PPO-mediated
inhibition of lipolysis failed to protect lipids against microbial
lipases, which become important during later stages of
Arvidsson, Gustavsson, Fievez and Martinsson
1184
ensiling and in the rumen. Instead, Van Ranst et al. (2011)
postulated that PUFA could be protected against metabolism
through encapsulation in protein–phenol complexes. In the
current paper, there were, however, no significant effects
on apparent recoveries of PUFA from RC–G compared with
the grass silages. This is because of the high recoveries of
18:2n-6 and 18:3n-3 from G-30 (Table 7), which probably is
an effect of the relatively higher concentrate ratio in this diet.
In the study by Dewhurst et al. (2003a, experiment 1), the
apparent recoveries of 18:2n-6 were 11.7 and 10.9 and for
18:3n-3 3.8 and 4.3 for a grass silage and a red clover–grass
silage (50 : 50, DM basis), respectively. The values for 18:2n-6
are comparable, but our recoveries for 18:3n-3 were a bit
higher than the values reported by Dewhurst et al. (2003a).
However, the recoveries, especially for 18:2n-6, were low in
both studies, which probably is an effect of the rather high
supplementation of 18:2n-6 from the concentrate.
The higher concentrations of biohydrogenation inter-
mediates (total trans 18:1 and cis-9, trans-11 CLA) found in
milk from cows eating RC–G compared with the grass silages
is in contrast with results from Al-Mabruk et al. (2004), who
found lower concentrations of both these FAs in milk from
cows offered red clover silage, whereas van Dorland et al.
(2008) found a reduced concentration of cis-9, trans-11 CLA
but a similar concentration of trans 18:1 FAs.
The CLA isomer cis-9, trans-11 CLA is mainly produced in
the mammary gland from trans-11–18:1, through the action
of delta-9-desaturase. The ratios cis-9 14:1/14:0, cis-9 16:1/
16:0 and cis-9, trans-11 CLA/trans-11 18:1 can be used to
estimate the activity of delta-9-desaturase. Of these, the
ratio cis-9 14:1/14:0 is considered to give the best estimate
of delta-9-desaturase activity, as all of the 14:0 in milk fat is
produced via de novo synthesis in the mammary gland and
desaturation is the only source of cis-9 14:1 (Corl et al.,
2000). The quadratic effects that could be seen for the cis-9
14:1/14:0 and cis-9 16:1/16:0 ratios showed higher values in
milk produced from the G-90 diet but the differences were
small and there were no differences in SCFA and MCFA
concentrations in milk among diets (Table 7). Further, Lourenc¸o
et al. (2005) showed a similar amount of trans-11 18:1 to be
converted to cis-9, trans-11 CLA among diets, despite differ-
ences in the ratio cis-9 14:1/14:0. This indicated that effects of
diet on milk FAs were predominantly affected by differences in
the rumen (microbial activity/fermentation) or from differences
in passage rate. However, the small differences found in
this study show that increasing N fertilisation, or inclusion of
red clover in the diet, does not necessarily lead to a higher
concentration of unsaturated FAs in milk.
Conclusions
Increasing levels of N fertilisation in grass led to increasing
concentrations of CP in silage. The increasing N fertilisation
also led to higher concentrations of 18:2n-6 and 18:3n-3 in
the G-90 and G-120 silages compared with G-30 silage.
However, with the rates and types of concentrates used in
this study, the achieved differences in FA composition among
the silages were not large enough to have any major effect
on the milk FA composition. This shows that increasing
N fertilisation to reach a higher PUFA concentration, or
inclusion of red clover in the diet, does not necessarily lead to
a higher concentration of PUFA in the milk when concentrates
are used at standard rates in Swedish systems.
Acknowledgement
The authors thank the staff of the Ro¨ba¨cksdalen Research
Centre’s dairy farm, Swedish University of Agricultural Sciences,
for their care of the experimental animals and help during the
experiment. We also thank Bo¨rje Ericsson and the staff at the
Laboratory at Kungsa¨ngens Research Centre, Swedish University
of Agricultural Sciences, and the staff at Laboratory for Animal
Nutrition and Animal Product Quality, Ghent University, for their
technical support with the analyses. The work was founded by
the Regional Foundation of Agricultural Research in Northern
Sweden (RJN) and the Swedish Farmers’ Foundation for
Agricultural Research (SLF).
References
Al-Mabruk RM, Beck NFG and Dewhurst RJ 2004. Effects of silage species and
supplemental vitamin E on the oxidative stability of milk. Journal of Dairy
Science 87, 406–412.
Andersson R and Hedlund B 1983. HPLC analysis of organic acids in lactic acid
fermented vegetables. Zeitschrift fu¨r Lebensmittel-Untersuchung und -For-
schung 176, 440–443.
Arvidsson K, Gustavsson AM and Martinsson K 2009. Effects of conservation
method on fatty acid composition of silage. Animal Feed Science and
Technology 148, 241–252.
Banni S and Martin JC 1998. Conjugated linoleic acid and metabolites. In Trans
fatty acids in human nutrition (ed. JL Sebedio), pp. 261–302. The Oily Press,
Dundee, UK.
Bauman DE, Mather IH, Wall PJ and Lock AL 2006. Major advances associated
with the biosynthesis of milk. Journal of Dairy Science 89, 1235–1243.
Boufaı¨ed H, Chouinard PY, Tremblay GF, Petit HV, Michaud R and Be´langer G
2003a. Fatty acids in forages. II. In vitro ruminal biohydrogenation of linolenic
and linoleic acids from timothy. Canadian Journal of Animal Science 83,
513–522.
Boufaı¨ed H, Chouinard PY, Tremblay GF, Petit HV, Michaud R and Be´langer G
2003b. Fatty acids in forages. I. Factors affecting concentrations. Canadian
Journal of Animal Science 83, 501–511.
Chai W and Ude´n P 1998. An alternative oven method combined with different
detergent strengths in the analysis. Animal Feed Science and Technology 74,
281–288.
Chow TT, Fievez V, Ensberg M, Elgersma A and De Smet S 2004. Fatty acid
content, composition and lipolysis during wilting and ensiling of perennial
ryegrass (Lolium perenne L.): preliminary findings. Grassland Science in Europe
9, 981–983.
Corl BA, Baumgard LH, Bauman DE and Griinari JM 2000. Role of D9-desaturase
in the synthesis of the anticarcinogenic isomer of conjugated linoleic acid and
other milk fatty acids. Proceedings of the Cornell Nutrition Conference,
pp. 203–212. Cornell University, Rochester, NY, USA.
Dewhurst RJ, Fisher WJ, Tweed JKS and Wilkins RJ 2003a. Comparison of grass
and legume silages for milk production. I. Production responses with different
levels of concentrate. Journal of Dairy Science 86, 2598–2611.
Dewhurst RJ, Scollan ND, Lee MRF, Ougham HJ and Humphreys MO 2003b.
Forage breeding and management to increase the beneficial fatty acid content
of ruminant products. Proceedings of the Nutrition Society 62, 329–336.
Elgersma A, Maudet P, Witkowska IM and Wever AC 2005. Effects of nitrogen
fertilisation and regrowth period on fatty acid concentrations in perennial
ryegrass (Lolium perenne L.). Annals of Applied Biology 147, 145–152.
Effect of forage composition on milk fatty acids
1185
Fitzmaurice GM, Laird NM and Ware JH 2004. Applied longitudinal analysis.
Wiley-Interscience, Hoboken, NJ, USA.
Gaborcik N and Paulik E 2002. Chlorophyll content: an indicator of chemical
composition and grass production. Grassland Science in Europe 7, 122–123.
Gustavsson AM 2011. A developmental scale for perennial forage grasses
based on the decimal code framework. Grass and Forage Science 66, 93–108.
Hawke JC 1973. Lipids. In Chemistry and biochemistry of herbage (ed. GW Butler
and RW Baily), pp. 213–263. Academic Press, London, UK.
ISO 2006. ISO 3889 – Milk and milk products – specification of Mojonnier-type
fat extraction flasks. International Organisation for Standardisation, Geneva,
Switzerland.
Jones B and Kenward MG 1989. Design and analysis of cross-over trials.
Chapman and Hall, London, UK.
Larsson K and Bengtsson S 1983. Besta¨mning av la¨ttillga¨ngliga kolhydrater i
va¨xtmaterial. National Laboratory for Agricultural Chemistry, Uppsala, Sweden
(in Swedish).
Leaf A and Weber PC 1988. Cardiovascular effect of n-3 fatty acids. New
England Journal of Medicine 318, 549–557.
Lee MRF, Winters AL, Scollan ND, Dewhurst RJ, Theodorou MK and Minchin FR
2004. Plant-mediated lipolysis and proteolysis in red clover with different polyphenol
oxidase activities. Journal of the Science of Food and Agriculture 84, 1639–1645.
Lee MRF, Connelly PL, Tweed JKS, Dewhurst RJ, Merry RJ and Scollan ND 2006.
Effects of high-sugar ryegrass silage and mixtures with red clover silage on
ruminant digestion. 2. Lipids. Journal of Animal Science 84, 3061–3070.
Lee MRF, Merry RJ, Davies DR, Moorby JM, Humphreys MO, Theodrou MK,
MacRae JC and Scollan ND 2003. Effect of increasing availability of water-
soluble carbohydrates on in vitro rumen fermentation. Animal Feed Science and
Technology 104, 59–70.
Lindgren E 1979. Vallfodrets na¨ringsva¨rde besta¨mt in vivo och med olika
laboratoriemetoder. The Department of Animal Nutrition and Management, The
Swedish University of Agricultural Sciences, Uppsala, Sweden (in Swedish).
Lindgren E 1983. Nykalibrering av VOS-metoden fo¨r besta¨mning av energiva¨rde
hos vallfoder. The Department of Animal Nutrition and Management, The
Swedish University of Agricultural Sciences, Uppsala, Sweden (in Swedish).
Lourenc¸o M, Vlaeminck B, Bruinenberg M, Demeyer D and Fievez V 2005. Milk
fatty acid composition and associated rumen lipolysis and fatty acid hydrogenation
when feeding forages from intensively managed or semi-natural grasslands.
Animal Research 54, 471–484.
Official Journal of the European Communities (OJEC) 1984. Determination of
crude oils and fats. Method B. Official Journal of the European Communities 15,
29–30.
Parodi PW 2002. Conjugated linoleic acid. Food Australia 54, 96–99.
Patterson HD and Lucas HL 1962. Change-over designs. Technical Bulletin no.
147. North Carolina Agricultural Experiment Station and United States
Department of Agriculture, North Carolina, USA.
Raes K, De Smet S and Demeyer D 2001. Effect of double-muscling in Belgian
Blue young bulls on the intramuscular fatty acid composition with emphasis on
conjugated linoleic acid and polyunsaturated fatty acids. Animal Science 73,
253–260.
SAS Institue Inc. 2004. SASR 9.1.2 qualification tools user’s guide. SAS Institute
Inc., Cary, NC, USA.
Simopoulos AP 2001. n-3 fatty acids and human health: defining strategies for
public policy. Lipids 36, S83–S89.
Smit HJ, Malda K, Dijkstra J and Elgersma A 2007. Effects of days of regrowth
and N fertilization on fatty acid composition of perennial ryegrass and CLA
concentration in milk from stall-fed dairy cows. Grassland Science in Europe 12,
540–543.
Spo¨rndly R 2003. Fodertabeller fo¨r idisslare. Department of Animal Nutrition
and Management, Swedish University of Agricultural Sciences, Uppsala,
Sweden (in Swedish).
van Dorland HA, Kreuzer M, Leuenberger H and Wettstein H-R 2008.
Comparative potential of white and red clover to modify the milk fatty acid
profile of cows fed ryegrass-based diets from zero-grazing and silage systems.
Journal of the Science of Food and Agriculture 88, 77–85.
Van Ranst G, Lee MRF and Fievez V 2011. Red clover polyphenol oxidase and
lipid metabolism. Animal 5, 512–521.
Vanhatalo A, Kuoppala K, Toivonen V and Shingfield KJ 2007. Effects of forage
species and stage of maturity on bovine milk fatty acid composition. European
Journal of Lipid Science and Technology 109, 856–867.
Witkowska IM, Wever C, Gort G and Elgersma A 2008. Effects of nitrogen rate
and regrowth interval on perennial ryegrass fatty acid content during the
growing season. Agronomy Journal 100, 1371–1379.
Arvidsson, Gustavsson, Fievez and Martinsson
1186
